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1
METHOD AND APPARATUS FOR
TRANSMITTING AND RECEIVING
CHANNEL STATE INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATION(S) AND CLAIM OF PRIORITY

The present application is related to and claims priority
under 35 U.S.C. §119 to an application filed in the Korean
Intellectual Property Office on Jun. 17, 2013 and assigned
Application No. 10-2013-0069245, to an application filed in
the Korean Intellectual Property Office on Jun. 19, 2013 and
assigned Application No. 10-2013-0070643, to an applica-
tion filed in the Korean Intellectual Property Office on Jun.
25, 2013 and assigned Application No. 10-2013-0073369,
and to an application filed in the Korean Intellectual Property
Office on Aug. 7, 2013 and assigned Application No.
10-2013-0093861, the contents of which are incorporated
herein by reference.

TECHNICAL FIELD

The present disclosure relates to a method and apparatus
for transmitting and receiving Channel State Information
(CSD.

BACKGROUND

The mobile communication system has evolved into a
high-speed, high-quality wireless packet data communica-
tion system to provide data and multimedia services beyond
the early voice-oriented services. Recently, various mobile
communication standards, such as High Speed Downlink
Packet Access (HSDPA), High Speed Uplink Packet Access
(HSUPA), Long Term Evolution (LTE), and LTE-Advanced
(LTE-A) defined in 3" Generation Partnership Project
(3GPP), High Rate Packet Data (HRPD) defined in 3’ Gen-
eration Partnership Project-2 (3GPP2), and 802.16 defined in
IEEE, have been developed to support the high-speed, high-
quality wireless packet data communication services. Par-
ticularly, LTE is a communication standard developed to sup-
port high speed packet data transmission and to maximize the
throughput of the radio communication system with various
radio access technologies. LTE-A is the evolved version of
LTE to improve the data transmission capability.

Typically, LTE base stations and terminals are based on
3GPP Release 8 or 9, while LTE-A base stations and termi-
nals are based on 3GPP Release 10. The 3GPP standard
organization is preparing for the next release for more
improved performance beyond LTE-A.

The existing 3" and 4% generation wireless packet data
communication systems (such as HSDPA, HSUPA, HRPD,
and LTE/LTE-A) adopt Adaptive Modulation and Coding
(AMC) and Channel-Sensitive Scheduling techniques to
improve the transmission efficiency. AMC allows the trans-
mitter to adjust the data amount to be transmitted according to
the channel condition. That is, the transmitter is capable of
decreasing the data transmission amount for bad channel
conditions so as to fix the received signal error probability at
acertain level, or increasing the data transmission amount for
good channel conditions so as to transmit large amounts of
information efficiently while maintaining the received signal
error probability at an intended level. The channel sensitive
scheduling allows the transmitter to serve the user having a
good channel condition selectively among a plurality of users
s0 as to increase the system capacity as compared to allocat-
ing a channel fixedly to serve a single user. This increase in
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system capacity is referred to as multi-user diversity gain.
Both the AMC and channel sensitive scheduling are the
method of adopting the best modulation and coding scheme at
the most efficient time based on the partial channel state
information feedback from the receiver.

A User Equipment (UE) is capable of performing the chan-
nel state information feedback to an evolved Node B (eNE) in
one of a periodic CSI report mode or aperiodic CSI report
mode. In the periodic CSI, the UE reports the channel state
information periodically. The channel state information may
include at least one of Rank Indication (RI), Precoding Matrix
Index (PMI), and Channel Quality Indicator (CQI). In the
aperiodic CSI report, the UE reports the channel state infor-
mation in response to the request from the eNB.

In case of using AMC along with Multiple Input Multiple
Output (MIMO) transmission scheme, it may be necessary to
take a number of spatial layers and ranks for transmitting
signals into consideration. In this case, the transmitter deter-
mines the optimal data rate in consideration of the number of
layers for use in MIMO transmission as well as coding rate
and modulation scheme.

FIG. 1 is a graph illustrating time-frequency resources in a
LTE/LTE-A system.

As shown in FIG. 1, the radio resource for transmission
from the evolved Node B (eNB) to a User Equipment (UE) is
divided into Resource Blocks (RBs) in the frequency domain
and subframes in the time domain. In the LTE/LTE-A system,
an RB consists of 12 consecutive carriers and has a bandwidth
of 180 kHz in general. A subframe consists of 14 OFDM
symbols and spans 1 msec. The LTE/LTE-A system allocates
resources for scheduling in units of subframes in the time
domain and in units of RBs in the frequency domain.

FIG. 2 is a time-frequency grid illustrating a single
resource block of a downlink subframe as a smallest sched-
uling unit in the LTE/LTE-A system.

The radio resource depicted in FIG. 2 is of one subframe in
the time domain and one RB in the frequency domain. The
radio resource consists of 12 subcarriers in the frequency
domain and 14 OFDM symbols in the time domain, i.e., 168
unique frequency-time positions. In LTE/LTE-A, each fre-
quency-time position is referred to as Resource Element
(RE). One subframe consists of two slots, and each slot con-
sists of 7 OFDM symbols.

The radio resource structured as shown in FIG. 2 can be
configured to transmit different types of signals as follows:

CRS (Cell-specific Reference Signal): A reference signal
broadcast within a cell at every subframe for use, at all
the UEs within the cell, in channel estimation between
the eNB and UE, monitoring radio link for validity, and
fine tuning of time or frequency at baseband;

DMRS (Demodulation Reference Signal): A reference sig-
nal transmitted to a specific UE;

PDSCH (Physical Downlink Shared Channel): A data
channel transmitted in downlink, which the eNB uses to
transmit data to the UE, and mapped to REs not used for
reference signal transmission in the data region of FIG.
2

CSI-RS (Channel Status Information Reference Signal) A
reference signal transmitted to the UEs within a cell and
used for channel state measurement. Multiple CSI-RSs
can be transmitted within a cell;

Other control channels (PHICH, PCFICH, PDCCH):
Channels for providing control channels necessary for
the UE to receive PDCCH, and transmitting ACK/
NACK of HARQ operation for uplink data transmission.

Inaddition to the above signals, zero power CSI-RS may be
configured in order for the UEs within the corresponding cells



US 9,419,765 B2

3

to receive the CSI-RSs transmitted by different eNBs in the
LTE-A system. The zero power CSI-RS can be applied to the
positions designated for CSI-RS, and the UE receives the
traffic signal on the resource excluding the zero power CSI-
RS positions in general. In the LTE-A system, the zero power
CSI-RS is referred to as ‘muting.’ This is because the muting
by nature is mapped to the CSI-RS positions without trans-
mission power.
In FIG. 2, the CSI-RS can be transmitted at some of the
positions marked by A, B, C, D, E, F, G, H, [, and J according
to the number of number of antennas transmitting CSI-RS.
Also, the zero power CSI-RS (muting) can be mapped to
some of the positions A, B, C, D, E, F, G, H, I, and J. The
CSI-RS can be mapped to 2, 4, or 8 REs according to the
number of the antenna ports for transmission. For two
antenna ports, half of a specific pattern is used for CSI-RS
transmission; for four antenna ports, all of the specific pattern
is used for CSI-RS transmission; and for eight antenna ports,
two patterns are used for CSI-RS transmission. Muting is
performed by pattern. That is, although the muting may be
applied to plural patterns, if the muting positions mismatch
CSI-RSpositions, it cannot be applied to one pattern partially.
However, if the CSI-RS positions match the zero power CSI-
RS (muting) positions, the muting can be applied to a part of
one pattern.
In the case of transmitting CSI-RS for two antenna ports,
the CSI-RS is mapped to two REs contiguous in the time
domain with the orthogonal codes for distinguishing between
the antenna ports. In the case of transmitting CSI-RS for four
antenna ports, two REs are added for another two antenna
ports to transmit the CSI-RS in the same way. The CSI-RS
transmission for eight antenna ports is performed in the same
way.
In a cellular system, the reference signal is transmitted for
downlink channel state measurement. In the case of the 3GPP
LTE-A system, the UE measures the channel state based on
the CSI-RS transmitted by the eNB. The channel state is
measured in consideration of a few factors including down-
link interference. The downlink interference includes the
interference caused by the antennas of neighbor eNBs and
thermal noise that are important in determining the downlink
channel condition. For example, in the case that the eNB with
one transmit antenna transmits the reference signal to the UE
with one receive antenna, the UE determines energy per sym-
bol (Es) that can be received in downlink and interference
amount (Io) that may be received for the duration of receiving
the corresponding symbol to calculate Es/Io from the
received reference signal. The calculated Es/Io is reported to
the eNB such that the eNB determines the downlink data rate
for the UE.
In the LTE-A system, the UE feeds back the information on
the downlink channel state for use in downlink scheduling of
the eNB. That is, the UE measures the reference signal trans-
mitted by the eNB in downlink and feeds back the informa-
tion estimated from the reference signal to the eNB in the
format defined in LTE/LTE-A standard. In LTE/LTE-A, the
UE feedback information includes the following three indi-
cators:
RI (Rank Indicator): The number of spatial layers that can
be supported by the current channel experienced at the
UE;

PMI (Precoding Matrix Indicator): A precoding matrix
recommended by the current channel experienced at the
UE;

CQI (Channel Quality Indicator): A maximum possible
data rate that the UE can receive signals in the current
channel state. CQI may be replaced with the SINR,
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maximum error correction code rate and modulation
scheme, or per-frequency data efficiency that can be
used in similar way to the maximum data rate.

The RI, PMIL, and CQI are associated with each other in
meaning. For example, the precoding matrix supported in
LTE/LTE-A is configured differently per rank. Accordingly,
the PMI value X’ is interpreted differently for the cases of RI
set to 1 and RI set to 2. Also, when determining CQI, the UE
assumes that the PMI and RI which ithas reported are applied
by the eNB. That is, if the UE reports RI_X, PML_Y, and
CQI_Z, this means that the UE is capable of receiving the
signal at the data rate corresponding to CQI_Z when the rank
RI_X and the precoding matrix PMI_Y are applied. In this
way, the UE calculates CQI with which the optimal perfor-
mance is achieved in real transmission under the assumption
of the transmission mode to be selected by the eNB.

SUMMARY

To address the above-discussed deficiencies, it is a primary
object to provide a novel feedback method that is capable of
improving 4-Tx MIMO transmission performance using a
newly proposed codebook having a large number of precod-
ers as compared to the legacy codebooks and being applicable
to the periodic channel state information report in an LTE-A
system.

In accordance with an aspect of the present disclosure,
there is provided a communication method of a user equip-
ment in a mobile communication system. The method
includes receiving a control signal from a base station, the
control signal comprising at least one of: a first information
element or a second information element; determining, if a
field of the first information element is set to a predetermined
value and a channel state information (CSI) reporting mode
determined based on the second information element is a
redetermined mode, a codebook based on the CSI reporting
mode; generating a CSI based on the determined codebook,
the CSI comprising at least one of a rank indicator (RI), a first
precoding matrix indicator (PMI), or a second PMI; and
reporting the generated CSI to the base station.

In accordance with another aspect of the present disclo-
sure, there is provided a communication method of abase
station in a mobile communication system. The method
includes transmitting a control signal to a user equipment, the
control signal comprising at least one of: a first information
element or a second information element; and receiving a
report for channel state information (CSI) from the user
equipment, wherein if a field of the first information element
is set to a predetermined value and a CSI reporting mode
determined based on the second information element is a
predetermined mode, a codebook is determined based on the
CSI reporting mode, wherein the report for CSI is generated
based on the determined codebook, the CSI comprising at
least one of a rank indicator (RI), a first precoding matrix
indicator (PMI), or a second PMI.

In accordance with another aspect of the present disclo-
sure, there is provided a communication apparatus of a user
equipment. The apparatus includes a transceiver to commu-
nicate with a base station; and a controller to control: receiv-
ing a control signal from a base station, the control signal
comprising at least one of: a first information element or a
second information element; determining, if'a field of the first
information element is set to a predetermined value and a
channel state information (CSI) reporting mode determined
based on the second information element is a predetermined
mode, a codebook based on the CSI reporting mode; gener-
ating a CSI based on the determined codebook, the CSI com-
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prising at least one of a rank indicator (RI), a first precoding
matrix indicator (PMI), or a second PMI; and reporting the
generated CSI to the base station.

In accordance with another aspect of the present disclosure
there is provided a communication apparatus of a base sta-
tion. The apparatus includes a transceiver to communicate
with a user equipment; and a controller to control transmitting
a control signal to a user equipment, the control signal com-
prising at least one of: a first information element or a second
information element; and receiving a report for channel state
information (CSI) from the user equipment, wherein if a field
of'the first information element is set to a predetermined value
and a CSI reporting mode determined based on the second
information element is a predetermined mode, a codebook is
determined based on the CSI reporting mode, wherein the
report for CSI is generated based on the determined code-
book, the CSI comprising at least one of a rank indicator (RI),
a first precoding matrix indicator (PMI) or a second PMI.

Before undertaking the DETAILED DESCRIPTION
below, it may be advantageous to set forth definitions of
certain words and phrases used throughout this patent docu-
ment: the terms “include” and “comprise,” as well as deriva-
tives thereof, mean inclusion without limitation; the term
“or,” is inclusive, meaning and/or; the phrases “associated
with” and “associated therewith,” as well as derivatives
thereof, may mean to include, be included within, intercon-
nect with, contain, be contained within, connect to or with,
couple to or with, be communicable with, cooperate with,
interleave, juxtapose, be proximate to, be bound to or with,
have, have a property of, or the like; and the term “controller”
means any device, system or part thereof that controls at least
one operation, such a device may be implemented in hard-
ware, firmware or software, or some combination of at least
two of the same. It should be noted that the functionality
associated with any particular controller may be centralized
or distributed, whether locally or remotely. Definitions for
certain words and phrases are provided throughout this patent
document, those of ordinary skill in the art should understand
that in many, if not most instances, such definitions apply to
prior, as well as future uses of such defined words and
phrases.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure and its advantages, reference is now made to the follow-
ing description taken in conjunction with the accompanying
drawings, in which like reference numerals represent like
parts:

FIG. 1 is a graph illustrating time-frequency resources in
LTE/LTE-A system;

FIG. 2 is a time-frequency grid illustrating a single
resource block of a downlink subframe as a smallest sched-
uling unit in the LTE/LTE-A system;

FIG. 3 is a diagram illustrating an example precoding
operation at rank 2;

FIG. 41is adiagram illustrating feedback timings of channel
state information in the channel state information transmis-
sion method according to an embodiment of the present dis-
closure;

FIG. 5 is a diagram illustrating feedback timings of the
channel state information in the channel state information
transmission method according to another embodiment of the
present disclosure;
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FIG. 6 is a diagram illustrating feedback timings of the
channel state information in the channel state information
transmission method according to still another embodiment
of the present disclosure;

FIG. 7 is a flowchart illustrating the operation procedure of
the eNB in the channel state information feedback method
according to an embodiment of the present disclosure;

FIG. 8 is a flowchart illustrating the operation procedure of
the UE in the channel state information feedback method
according to an embodiment of the present disclosure;

FIG. 9 is ablock diagram illustrating a configuration of the
eNB for 4 Tx MIMO transmission according to an embodi-
ment of the present disclosure; and

FIG. 10 is a block diagram illustrating a configuration of
the UE supporting double codebook-based feedback for 4 Tx
MIMO downlink transmission according to an embodiment
of the present disclosure.

DETAILED DESCRIPTION

FIGS. 3 through 10, discussed below, and the various
embodiments used to describe the principles of the present
disclosure in this patent document are by way of illustration
only and should not be construed in any way to limit the scope
of the disclosure. Those skilled in the art will understand that
the principles of the present disclosure may be implemented
in any suitably arranged communication system.

Exemplary embodiments of the present disclosure are
described with reference to the accompanying drawings in
detail. Detailed description of well-known functions and
structures incorporated herein may be omitted to avoid
obscuring the subject matter of the present disclosure. Fur-
ther, the following terms are defined in consideration of the
functionality in the present disclosure, and may vary accord-
ing to the intention of a user or an operator, usage, etc. There-
fore, the definition should be made on the basis of the overall
content of the present specification.

Although the description is directed to the OFDM-based
radio communication system, particularly the 3GPP EUTRA,
it will be understood by those skilled in the art that the present
disclosure can be applied to other communication systems
having a similar technical background and channel format,
with a slight modification, without departing from the spirit
and scope of the present disclosure.

Exemplary embodiments of the present disclosure are
described hereinafter in detail with reference to the accom-
panying drawings.

Detailed description of well-known functions and struc-
tures incorporated herein may be omitted to avoid obscuring
the subject matter of the present disclosure. This aims to omit
unnecessary description so as to make the subject matter of
the present disclosure clear.

For the same reason, some of eclements are exaggerated,
omitted or simplified in the drawings and the elements may
have sizes and/or shapes different from those shown in draw-
ings, in practice. The same reference numbers are used
throughout the drawings to refer to the same or like parts.

In MIMO transmission, precoding denotes a technique of
multiplying weights reflecting the channel states between
transmission and reception antennas to the respective trans-
mission antennas to improve reception performance. A
matrix made up of the weights multiplied to the respective
antennas is referred to as precoding matrix, and a set of
available precoding matrices is referred to as codebook.

FIG. 3 is a diagram illustrating an example precoding
operation at rank 2.
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In order to check the channel state, the eNB transmits
reference signals such as CSI-RS, and the UE generates
downlink channel feedback information such as Rank Indi-
cator (RI), Channel Quality Indicator (CQI), and Precoding
Matrix Indicator (PMI), and transmits the feedback informa-
tion to the eNB. The periodic feedback of UE is performed on
Physical Uplink Control Channel (PUCCH) in one of four
modes as follows:

1. Mode 1-0: RI, wideband CQI (wCQI)

2. Mode 1-1: RI, wCQI, wideband PMI (wPMI)

2-1. 8 CSI-RS antenna ports are configured

2-1-1. submode 1: jointly encoded RI and first PMI

2-1-2. submode 2: wCQI, first PMI, second PMI

3. mode 2-0: RI, wCQI, subband CQI (sCQI)

4. mode 2-1: RI, wCQI, wPMI, sCQI, sPMI

The feedback timings of the individual feedback informa-
tions are determined based on N, Norrser.con Mg and
Norrser, rrtransmitted through higher layer signaling. In the
feedback mode 1-0, the transmission interval of wCQIlisN,,,,
which is determined based on the subframe offset value of
Norrsercor Also, the transmission interval of RI is N, %
Mg, and its offset 18 Noprser,cortNorrserar

FIG. 41is adiagram illustrating feedback timings of channel
state information in the channel state information transmis-
sion method according to an embodiment of the present dis-
closure, especially the feedback timings of RI and wCQI
when N,,;=2. Mp/2, Noprser,cor-l, a0d Noppsera—1-
Here, the timing is represented by a subframe index. The
feedback mode 1-1 is identical to the feedback mode 1-0 with
the exception that the PMI is transmitted along with the wCQI
at the wCQI transmission timing. In the feedback mode 2-0,
the feedback interval of the sCQl is N, ;and the offset value is
Norrsercor The feedback interval of wCQI is HxN,,; and
the offset value is N ppger, o identical to that of the sCQIL
Here, H=JxK+1 where K is transmitted through higher layer
signaling and J is a value determined depending on the system
bandwidth. For example, Jis setto 3 inthe 10 MHz system. As
aconsequence, wCQI is transmitted at every H sCQl intervals
instead of sCQI. The feedback interval of RI is Mg, xHxN,,,
and its offset is N rrgrr cortNorrserzr FIG. 4 shows the
feedback timings of RI, sCQI, and wCQI when N, =2,
Mg/~2, =3 (10 MHz), K=l, Nogpgrcor! and
Norrserzi=—1. The feedback mode 2-1 is identical to the
mode 2-0 with the exception that PMI is transmitted along
with the wCQI timing at the same time.
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The above description is directed to the case that the num-
ber of CSI-RS antenna ports is equal to or less than 4 but, in
the case that the number of CSI-RS antenna ports is 8, two
types of PMI have to be fed back. The feedback mode 1-1 is
divided into two submodes for 8 CSI-RS antenna ports and, in
the first submode, the first PMI is transmitted along with RI
and the second PMI along with wCQI. Here, the feedback
interval and offset of the wCQI and the second PMI are
defined as N, ; and Nyrpspr cop and the feedback interval
and offset of the RI and the first PMI are defined as Mg, xN,,,
and Noprser cortNorrsergr 10 the second submode, the RI
is transmitted first and then the wCQ], the first PMI, and the
second PMI are transmitted simultaneously.

In the feedback mode 2-1 for 8 CSI-RS antenna ports, a
Precoding Type Indicator (PT1)is fed back along with RIatan
interval of Mg xHxN,, with the offset of Nyrrsprcort
Norrserzr 1 the PTlis setto 0, the first and second PMIs and
wCQl are feedback, and the wCQI and the second PMI are
transmitted simultaneously at an interval of N,, with the
offset of Ny rzr oo The interval of the first PMI is H'xN,, ,
and its offset is Nrrozr, cor Here, H' denotes a higher layer
signal. Otherwise, if the PT1is set to 1, the PTT and the Rl are
transmitted simultaneously, the wCQI and the second PMI
are transmitted simultaneously, and the sCQI is fed back
additionally. In this case, the first PMI is not transmitted. The
feedback interval and offset of the PTT and RI are identical to
those in the case that PT1 is 0, and the interval and offset of
sCQl are defined as N, ; and N o zr5 7, cor Fespectively.

FIGS. 5 and 6 are diagrams illustrating feedback timings of
the channel state information in the channel state information
transmission method according to another embodiment ofthe
present disclosure, especially the feedback timings when
PTI=0 and PTI=1 for the case of N, =2, Mp~2, J=3 (10
MHz), K=1, H=3, Noppsercor1s and NOFFSET,RI

The codebook for 4-Tx MIMO precoding for use in the
legacy LTE/LTE-A system is embodied in Table 1.

The precoding matrix W, is generated in such a wa of
being substituted by W, =I- 2u u,”/u,fu, vector. In W,
denotes a codebook index, numbers in { } denote row p051-
tions of W, and the number of numbers denotes the number
of ranks. The Precoding Matrix Indicator (PMI) denotes an
indicator indicating a precoder in the codebook, and a total of
16 precoders exist per rank in 4 Tx MIMO transmission.
Accordingly, the UE reports the index of the preferred pre-
coder using 4-bit PMIL.

TABLE 1
Codebook Number of layers v
index u, 1 2 3 4
0 uo— 1-1-1-1)7 W WUIONT W PPNT W I2NT
1 1-j1 _]]T WO W UDNT W RDAT W 123047
2 uz— 11- 11] W0 W,UD4T W,AINT W, G2INT
3 uy=[1j1-]7 W, W,INT W,PINF W RNT
4 = E1-pNI-jA-PNZT WD W,ADNT w,A29NF W (123047
5 us=[l(1-PNVZj(-1-PNZ)T WO WIDNT W PPHT w1237
6  ug=[l(1+PNZ-j(-1+PN2]T WO WUIINT W BHNT  w132047
7 uy=[l(-1+ J)/wfz JA+pNZIT WD WUDNT W 3AT W (132047
8  ug=[1-111]7 W W IDNT W PPNT W (12T
9 up=[l1-j-1-j]7 W WUDAT W BINT W (123047
10 ug=[111-17 Wi W IPWT W, PINT W (32PN
11 u,=[1j-1j* WD W ODNT W, BT W, (32047
12 up=[t-1-11]F WL WLIPNT W LPINT W 23D/
13 up=[1-11-177 WP WLROPNT W PN w3297
14 u,=[11-1-1]7 W0 W OONT W PINT W G2
15 us=[1111]7 WP W NT W PINT W 23T
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Since the LTE 4 Tx MIMO transmission is performed with double codebook is generated in the form of a combination of
only 16 precoders as described above, it may be considered to the first and second precoding matrices.

use a codebook made up of more than 16 precoders to
improve the performance. In the present disclosure, it is con-
sidered a top design to use a new codebook made up of more
than 16 precoders. The increase in the number of precoders
improves the performance, but the number of bits for 4 Tx

Equation (1) is a generalized first precoding matrix and
characterized as a block diagonal matrix.

MIMO feedback is fixed. In detail, the periodic channel state Wi () = [X" 0 } where n=0.1. ... 15 0
information feedback on PUCCH is resource-restricted and 0 X, e
thus the number of bits for 4 Tx MIMO feedback is fixed. 1 1 1 1

There is therefore a need of a new feedback method capable X, =
of allowing periodic channel state information reporting
using a codebook having more precoders.

The present disclosure describes anew codebook including
an increased number of pr eco.de.r s for improving performance X,, has 4 rows and generates a total of 16 matrices accord-
oflegacy 4 Tx M.IMO transmissionand a structure ofadouble 15 ing to the value n as defined by equation (2).
code book used in the 8 Tx MIMO transmission of the LTE/

2 2 2 2
TN I8 iz ntl6)  Lizy 2

LTE-A system as a way of increasing the number of precoders W, (n) is determined by X,, included in the matrix. X,, has 4
of the 4 Tx codebook. columns and 2 rows and generates a total of 16 matrices
Equations (1) to (4) shows double codebooks for use in according to the value of the first precoding matrix index n.

4-TX MIMO transmission. The precoder acquired from the W, (n) and X,, are shown in equation (2).

1 1 1 1 0 0 0 0 @)
2 .23 2 .23
o [%o 0 ST TS LTS JBM g o o 0
W = =
10 [0 XO} 0 0 0 0 1 1 1 1
.2 L2 .2 .2
0 0 0 0 &R0 TS LTS p
1 1 1 1 0 0 0 0
2 .23 2 .23
X, 07 |&F &7 L4ET JB5 o 0 0 0
wi(l) = =
1 [0 Xl} 0 0 0 0 1 1 1 1
.2 L2 .2 .2
0 0 0 0 B! IR T PP
1 1 1 1 0 0 0 0
L2 .2 L2 L2
X, 07 |efB? JH0 JHE Hu% o o o 0
Wi2) = =
1@ [0 Xz} 0 0 0 0 1 1 1 1
o0 0 0 SIBE GF10 LTS i
1 1 1 1 0 0 0 0
L2 .2 L2 L2
X 01 |eB JE!L JHY H4RY o o 0 0
Wi(3) = =
1) [0 XJ 0 0 0 0 1 1 1 1
o0 0 P SR TR - YU
1 1 1 1 0 0 0 0
L2 .2 L2 L2
X, 07 |t 52 PHEY JuB g 0 0
W) = =
1@ [0 X4} 0 0 0 0 1 1 1 1
L2 .2 L2 L2
0 0 0 0 Tt PRI P00 Lp?
1 1 1 1 0 0 0 0
2 .2 2 2
o_[% 0 ST JTB PTN Jgm® o g 0 0
W, = =
1) [0 XJ 0 0 0 0 1 1 1 1
L2 .2 L2 L2
0 0 0 0 T P g Jp®




s 0
wl(6>=[ . ]=

6

0
W1(7)=[ 07 N }:

7

0

0
ool 1)
X 0
W1(10)=[ 010 X0
X 0
WI(M):[ 011 Xu
X 0
wl(u):[ 0“ N
12
X 0
w1(13>:[ 0” N
13
X 0
WI(M):[ 014 X4

|

|

|

1 1

B B i
o0
o0
1 1

0 0
0 0
1 1
e SR At
0 0
0 0
1 1
JRECIN
0 0
0 0
1 1
o510 LiBs
oo 0
0 0
1 1
B LB
oo 0
0 0
1 1
oI5 LT
oo 0
0 0
1 1
o513 BN
oo 0
0 0
1 1
SBI4 B2
oo 0
0 0
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-continued

&37%° 0 0 0 0
0 1 1 1 1
2 2 2
0 &0 it 5?2 pind

0 0 0 0
0 1 1 1 1

2 .2 2 2
0 &7 LTS JTB pizdl

1 0 0 0 0
® om0 0 0 0
0 1 1 1 1
0 B IS PP GiB0
1 0 0 0 0
B om0 0 0 0
0 1 1 1 1
0 B9 BT BB B
1 1 0 0 0 0
BB JB g 0 0 0
0 0 1 1 1 1
0 0 B0 LB BN i
1 0 0 0 0
BT JB 0 0 0 0
0 0 1 1 1 1
0 0 Bl JBO 5T i

1 1 0 0 0 0

. 2
B mt 0 0 0 0
0 0 1 1 1 1
0 0 ejzn"IZ ejzn”ZO ejzyz”ZS ej%%u
1 0 0 0 0
JInY om0 0 0 0
0 0 1 1 1 1
0 0 e/nB IR pinP Lind
1 1 0 0 0 0
. 2
20 om0 0 0 0
0 0 1 1 1 1
0 0 e/n oINnR L0 Lint
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-continued
1 1 1 1 0 0 0 0
Xis QB ST SN JBT 0 0 0
Wi(15) = =
0 X 0 0 0 0 1 1 1 1
0 0 0 0 PJuS JuB Y L%

Equation (3) is a generalized second precoding matrix for 1° application of the second column vector e,. This is the same

use in rank 1 transmission. for the third and fourth column selection vectors e; and e,.
W(){I[Y}I[Y}l[}’}l[}’}} )]
m) e r—
2 V2 La®Y | 2 Lja®dY | 2 [—adY | 2 | —jedY
and Y =e; € {ey, €2, €3, €4} and a(i) = ej’ﬁz(‘;”
where, m=0,1,2,... ,15
e, denotes a column vector of which the i element is 1 but Equation (4) shows the matrices generated for 16 W,(m)
the other 3 elements are 0 in the form of matrices as the index m changes from 0 to 15.
25
Loy ro7o 1 )
Wa(0) = —[ } where ¥ = ¢;
0 1 0 0
e AL V72 Lal)y
0 0 1 0
1
0 0 0 1 Wa(l) = —[ } where ¥ = e
30 V2 Lieh)y
and works as a column selection vector for selecting a column Wa(2) = L[ oy } where Y = ¢;
of the first precoder. V2 l-et)
W,(m) includes 2 e;s on one column in 2x1 format. 1
Among them, the bottom e, is reflected in 0, 90, 180, and 35 W2(3) = f[ —jod (1)}/} where ¥ = ¢
270 degree phase shifts. This is to improve the reception
performance of the terminal by reflecting the channel differ- W) = 1 [ } where ¥ = ¢,
ence occurring due to the polarization of the first and second V2 L)Y
antennas and the polarization of the third and fourth antennas L
of the 4 Tx antenna structure of the eNB in advance in pre- 40 W2(5) = ﬁ[] (2)}'} where ¥ = e;
coding. a.(i) acts as a role for additional phase shifting accord-
ing to the column vector selected by e,. That is, when i=1, 1
e~e, and a(1)=1; when i=2, e,~e,, and W2(6) = f[ —o(Q)Y } where ¥ =e;
1
45 Wo(7) = —[ } where Y = e,
2)Y
oz(Z):e%z; V2 L=je2)
1
Wa(8) = —[ } where ¥ = e;3
when i=3, e,~e; and V2 Le®Y
% W(9) = ! [ } here ¥
» where Y = e3
3
. V2 L je®)Y
a(3) = e32; )
W,(10) = — where Y = e3
V2 [ (3)Y}
and when i=4, e,~e, and 55 )
Wo(l1) = f[ —je )Y } where Y = e3
a(2) = 8%6 12 ! he
= . Wh(12) = — where ¥ = ey
V2 [ w(4>Y}
60
Accordingly, in order to indicate the precoding matrix gen- 1 [ }
. W (13) = — where ¥ = ¢y
erated by W,(m), four phase shift cases and four e, cases, V2 | je@dyY
resulting in a total of 16 indices, i.e. m=0, 1, 2, ..., 15, and
total 4 bits for information region. The second precoder Wy(14) = L[ } where ¥ = ¢,
matrix W,(m) is numbered, i.e., indexed, in an order of the 4 65 V2 L -e@y

phase shift cases with the application of the first column
selection vector e, and then the 4 phase shift cases with the
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15 16
-continued -continued
W, (15) = L[ i Y } where ¥ = ¢y _ l LA £ _
ﬁ —ja(dY W,(8) = 2[}’1 v } where, (Y1, Y2) = (e, €3)
where, a(i) = ejzﬁﬂz(ifl) 5 11y 2
W,09) = z[j}’l it } where, (Y}, Y2) = (ey, e2)

Equations (5) and (6) are the generalized second precoding AR
matrix at rank 2. In rank 2 precoding, equation (5) or (6) may W,(10) = 5[ v oy } where, (Y1, Y2) = (e2, €3)
be used as the generalized formula for generating the second v
precoding matrix W,(m).

l[ Yi 1 }} 5)
2l jn —jn

and (Y1, ¥2) = (e;, ex) € {(e1, €1), (€2, €2), (e3, €3), (e, ea), (e1, €2), (e2, €3), (e1, e4), (e2, ea)}

1

w. YI Yo
2(m) € 3

Yi -1

I[Y1 11y L1 Y2] 1[N Y
Ham E{E Y, }’ z[yl —Yz}’ 5[—)'1 —Yz}’ 5[—}’1 -Y; }}(Yl’ o) eller, el
and
W 1 ] 1[h Y Yy
2m) €95 v -n |2l —jn (Y1, Y2) € {(e1, e1), (e2, €2), (e3, €3), (e4. €4)}
and
I[Y1 Y (6)
Wa(m) € 3 }, (Y1, Y2) €{ler, e3), (e2, ea), (e3, e1), (e4, €2)}
Y, -Y,
The first column of the second precoding matrix W,(m) is -continued

precoded into the first data stream, and the second column is

I[h
precoded into the second data stream. In order to suppress the 3° Wall)= 5 [ Y -t } where, (Y1, 12) = (e2, e5)
interference between the two data streams, two columns of
the precoding matrb.( may be. 01‘th0g0na1: (?rthpgonality Wy(12) = 1 [ Y1 1 } where, (Y. ¥a) = (e1. e3)
denotes the characteristic in which the multiplication of the 2ln -1
same vector outputs a specific result value but multiplication 35 Iy 1
of different vector results in 0. Wp(13) = E[jy i } where, (Y1, Y2) = (e, e4)
1 —Jji2

Inrank 2, the numbering (indexing) of the second precoder
matrix W,(m) is performed as in the rank 1. For the first Wa(14) = %[ o } where, (Y, ¥2) = (€2, €4)
column selection vector, the numbering is performed for the no-h
phase shift with priority and then the column vector. 40 s, Y, Y N

Equation (7) shows the matrices generated as the index m 2a13=5 8 R (- ¥2) = (e2. e4)

changes from O to 15 when equation (5) is selected as a
general formula of the second precoder matrix.
Equation (8) shows the matrices generated as the index m

45 . .
changes from O to 15 when equation (6) is selected as the
7Y 7, M i
W = M2 ] here, (v, ¥) = (e 1) general formula of the second precoder matrix.
217 =Y,
Wa(l) 1[}/1 Yz} here, (Y, Y2) = (e1, 1) 1y v ()
== where, (Y], = (e, e 2
2 20 jY1 —jY» 112 1> €1 50 W,(0) = 5[ v }where, (Y1, Y2) = (e2, e4)
2
I[n n
== = 1 Y,
Wa(2) 2[ v, —Yz} where, (Y1, Y2) = (e2, e2) Wal) = j[ Yl }2/ } where, (V1. ¥2) = (e2. e2)
1 2
I[n n
= - 1I[vn Y
M= Z[jyl —m} where, (1, 12) = (02, 2 55 W) = 5[ ; 2] where, (1. ¥3) = (ex. €4)
-V Y,
1[N n
- - [ v
Wz(‘”‘z[yl _yz] where, (1, 12) = (es, €3) Wa3) = 5[ .y ]where, (Y1, ¥2) = (e, )
- —12
I[n n 1y ¥
W2(5>:5[]_Y1 _m} where, (Y. ¥) = (e3. e5) 60 Wad) = i[yl _Yz]where, 1 1) = (o1, 1)
I[fn n Ifn Y
Wa(6) = E[y y } where, (Y1, ¥2) = (e4, €4) Wa(5) = 5[ ; zy } where, (Y1, ¥2) = (e1, e1)
. =Y Jre —J12
1[N 2 I[fn n
Wy(7) = v - where, (Y1, Y2) = (e, €4) 65 W1(6) = iy, -1 where, (Y1, 2) = (e, €2)
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-continued
W= 7" ] e, 1 v = e, e
) =3 Y —jt where, (ry, 12) = (€2, &2
Wa(8) l[yl Yz} here, (Y. ¥2) = (e, e3)
2 =3 Y, -1 where, (ry, 12) = (€3, €3
W= " e 1 v = s, e9)
2 —2].},1 —it where, (ry, 12) = (€3, €3
1[h "
W2(10)=§ v where, (Y1, Y2) = (e4, e4)
1 =1
waan =il ] here, (1, v
2( )—5 P where, (Y1, 12) = (e4, €4)
1I[h T
WZ(lz)ZE Yo vy where, (Y1, ¥2) = (e1, e3)
> =1
1I[h T
W2(13)=§ v _v where, (Y1, ¥2) = (e2, e4)
> =1
1[hn "
W2(14)=§ v _v where, (Y1, ¥2) = (e3, €1)
> =1
1 Y,
W2(15)=§ Yo —v where (Y1, Y2) = (es, €2)
> =1

Itis considered to use the double code book in 4-Tx MIMO
transmission as in the periodic channel state information
feedback in B Tx MIMO transmission. In order to check the
channel state, the transmits reference signals such as CSI-RS,
and the UE generates downlink channel feedback informa-
tion such as Rank Indicator (RI), Channel Quality Indicator
(CQI), and Precoding Matrix Indicator (PMI), and transmits
the feedback information to the eNB. The periodic feedback
of UE is performed on Physical Uplink Control Channel
(PUCCH) in one of four modes as follows:

1. Mode 1-0: RI, wideband CQI (wCQI)

2. Mode 1-1: RI, wCQI, wideband PMI (wPMI)

2-1. 4 CSI-RS antenna ports are configured

2-1-1. submode 1: jointly encoded RI and first PMI

2-1-2. submode 2: wCQI, first PMI, second PMI

3. mode 2-0: RI, wCQI, subband CQI (sCQI),

4. mode 2-1: RI, wCQI, wPMI, sCQI, sPMI

The feedback timings of the individual feedback informa-
tion are determined based on N,;, Noprser,cor Mgy, and
Norrserr transmitted through higher layer signaling. In the
feedback mode 1-0, the transmission interval of wCQI is N,,,,
which is determined based on the subframe offset value of
Nogrsercor Also, the transmission interval of RI is N,,,;x
Mg, and its offset is NorrsprcortNorrserrr

FIG. 41is adiagram illustrating feedback timings of channel
state information in the channel state information transmis-
sion method according to an embodiment of the present dis-
closure, especially the feedback timings of RI and wCQI
when N, /<2, Mp/~2, Noprspr,cor1s and Noppsgprer—1.
Here, the timing is represented by a subframe index. In the
feedback mode 2-0, the feedback interval of the sCQlis N,
and the offset value is N ppsz7, oo The feedback interval of
wCQl is HxN,,,; and the offset value is N zpgz7,cor identical
to that of the sCQI. Here, H=JxK+1 where K is transmitted
through higher layer signaling, and J is a valued determined
depending on the system bandwidth. For example, J is set to
3 in the 10 MHz system. As a consequence, wCQI is trans-
mitted at every H sCQI intervals instead of sCQI. The feed-
back interval of RI is MgxHxN,, and its offset is
NorrsercortNorrserzr F1G. 4 shows the feedback timings
of RI, sCQI, and wCQI when N, =2, M ~2, J=3 (10 MHz),

K=1, NOFFSET,CQI:l ,and Nogprserpr—1-
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As the two PMIs of the double codebook are fed back in the
4 Tx MIMO transmission, the feedback mode 1-1 is divided
into two submodes and, in the first submode, the first PMI is
transmitted along with RI and the second PMI along with
wCQI. Here, the feedback interval and offset of the wCQI and
the second PMI are defined as N, and Nz o and the
feedback interval and offset of the RI and the first PMI are
defined as Mg, xN,,;and Ny rpsrr, cortNopsszrz- 10 the sec-
ond submode, the RI is transmitted first and then the wCQI,
the first PMI, and the second PMI are transmitted simulta-
neously.

In the feedback mode 2-1, a Precoding Type Indicator
(PTT) is fed back along with RI at an interval of Mg, xHxN,,,
with the offset of N rser cort Norrser rr 1 the PTTis setto
0, the first and second PMIs and wCQI are feedback, and the
wCQI and the second PMI are transmitted simultaneously at
aninterval of N, with the offset of N o zz57 o The interval
of the first PMI is H'xN,, ; and its offset is N prgrcor Here,
H' denotes a higher layer signal. Otherwise, if the PT1is set to
1, the PTI and the RI are transmitted simultaneously, the
wCQI and the second PMI are transmitted simultaneously,
and the sCQI is fed back additionally. In this case, the first
PMI is not transmitted. The feedback interval and offset of the
PTI and RI are identical with those in the case that PT1is O,
and the interval and offset of sCQI are defined as N,,, and
Norrsercorrespectively.

FIGS. 5 and 6 are diagrams illustrating feedback timings of
the channel state information in the channel state information
transmission method according to another embodiment ofthe
present disclosure, especially the feedback timings when
PTI=0 and PTI=1 for the case of N, =2, Mz~2, =3 (10
MHz). K=1, H=3, Noppsercpr1s and Noppspr =1

In the LTE/LTE-A system, the channel state information is
reported in Mode 1-1, mode 2-0, Mode 1-1, or mode 2-1
depending on the property of the feedback information, and
up to 11 bits are allocated as an information region on the
uplink channel PUCCH for CQI and PMI transmission. The
mode 1-1 is divided into the submode 1 in which the RI and
the first PMI are transmitted as joint-coded and the submode
2 in which the wCQI and the first and second PMIs are
transmitted simultaneously. As described above, the PMI and
CQI may be interpreted differently depending on the RI and
thus the reliability of RIis very important. In order to increase
the reliability of RI in the submode 1, a method of reducing
the number of bits by applying a codebook subsampling for
transmitting a part of the first PMI to the joint-encoding of the
RI and the first PMI is used, and the problem of the submode
2 in which the total information amount of the wCQI and the
first and second PMIs exceeds 11 bits is solved with the
codebook subsampling. In mode 2-1, when RI=1, the wCQI
and the PMI are allocated 4 bits respectively so as to inform of
all the second PMIs. In the case of RI>1, however, the infor-
mation amount of CQI increases to 7 bits so as to cause a
shortage of information region for all second PMIs, resulting
in transmission of 2 bits using the codebook subsampling.

One of the efficient codebook subsampling methods is to
reduce the number of indices for indicating the precoders of
the codebook by excluding the precoders appearing repeat-
edly in the entire codebook.

By substituting O to 15 forn of equation (1), itis possible to
acquire 16 matrices as shown in equation (2). In equation (2),
it is shown that the matrices include the same column vectors,
when n=0, n=8, n=1, and n=9, with the exception that the
column vectors are arranged differently in position. Accord-
ingly, the subsampling is applied to only the matrices of n=0
to n=7, it is possible to show all the columns belonging to the
original W,.
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The codebook subsampling method according to an
embodiment of the present disclosure is described in more
detail.

The first embodiment of the present disclosure is directed
to the submode 1 of the feedback Mode 1-1. In the submode
1 of the feedback Mode 1-1, the RI and the first PMI are
jointly coded for transmission. Since the PMI is generated
based on the RI and the CO is calculated based on the PMI,
high reliability of the R is required in channel state informa-
tion feedback. The reliability of RI can be increased by reduc-
ing the number of bits of the first PMI through codebook
subsampling in the process of jointly encoding the RI and the
first PMI.

An embodiment 1-1 of the present disclosure proposes a
codebook subsampling with 8 consecutive indices among the
precoding matrices of W, (n) at ranks 1 and 2. Examples of
this include ne{0,1,2,3.4,5,6,7}, ne{8,9,10,11,12,13,14,15},
ne{4,5,6,7,8,9,10,11}, and ne{12,1,3,14,15,0,1,2,3}. The
present disclosure may include other 8 consecutive indices-
based codebook subsampling. Since the transmission/recep-
tion performance is not sensitive to the precoding at ranks 3
and 4, W, (n) uses a unitary matrix, and W,(m) uses the legacy
codebook. The legacy codebook is made up of a total of 16
precoders and there is no codebook subsampling problem.
Table 2 arranges the codebook subsampling of W, (n) using 8
consecutive indices of .

TABLE 2
Rank index n for W,
1 {0,1,2,3,4,5,6,7} or {8,9, 10, 11, 12, 13, 14, 15} or
{4,5,6,7,8,9,10, 11} or {12,13, 14, 15,0, 1, 2, 3}
2 {0,1,2,3,4,5,6,7} or {8,9, 10, 11, 12, 13, 14, 15} or
{4,5,6,7,8,9,10, 11} or {12,13, 14, 15,0, 1, 2, 3}
3 identity matrix
4 identity matrix

In equations (1) and (2), the matrix W, forms a block
diagonal matrix of X,. Accordingly, W, is determined
depending on the form of X,. Referring to equation (2), the
codebook subsampling may be performed by selecting 8 con-
secutive indices, e.g. {X,, X, X,, X5, X4, X5, X4, X5} Inthe
case of performing the codebook subsampling as above, the
matrix W, which is generated as n increases, includes all the
column vector elements of the original codebook, and the
vector columns are shifted in phase at an interval of

2n
32

rad. This means that the UE is capable of selecting a preferred
index of the precoding matrix W, densely. The subsampling
also may be performed with other selection such as {X,, Xo,
X0 Xi1s Xy Xy Xy X5} and {X,, Xs. X, X5 X, Xo.
X0 X1} Inthecase of {X, X, X0, X5, X5, X 3, X145 X151
since the phase shift progresses in the order of X, X5, X,
X5 Xos X, X5, X5 in view of the form of X, although the
indices are not consecutive, it may be considered as a form of
the embodiment 1-1.

An embodiment 1-2 of the present disclosure proposes a
codebook subsampling with ne{0,2,4,6,9,11,13,15} and
ne{1,3,5,7,8,10,12,14}.

In the case of performing the codebook subsampling with
the above indices, the matrices of {X,, X5, X,, X4, Xo, X1,
X5 Xis)or {X,, X5, X5, X5, Xy, X0y X2, X4} are block-
diagonalized in W, (n).
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In embodiment 1-1, as the index n of the precoding matrix
W, increases, the range supportable by the precoding matrix
expressed as column vectors is

2n g
32

rad instead that specific column vectors are phase-shifted
densely at an interval of

2n
32

rad. In embodiment 1-2, however, the sub-sampled set has no
recurring column vector but includes all column vectors
existing in W,. As n increases, the phase is shifted at an
interval of

2n

16

rad in view of the column vector of each position. This means
that it is possible to generate the precoding matrix capable of
supporting a two-fold wider angle as compared to embodi-
ment 1-1 when the matrix of W,(m) is multiplied.

In embodiment 1-1, as the index n of the precoding matrix
W, increases, the range supportable by the precoding matrix
expressed as column vectors is

27r8
32

rad instead that specific column vectors are phase-shifted
densely at an interval of

2n

32

rad. In embodiment 1-2, however, the sub-sampled set has no
recurring column vector but includes all column vectors
existing in W,. As n increases, the phase is shifted at an
interval of

2n

16

rad in view of the column vector of each position. This means
that it is possible to generate the precoding matrix capable of
supporting a two-fold wider angle as compared to embodi-

ment 1-1 when the matrix of W,(m) is multiplied.
TABLE 3
Rank index n for W,
1 {0,2,4,6,9,11,13,15} or {1,3,5,7, 8, 10, 12, 14}
2 {0,2,4,6,9,11,13,15} or {1,3,5,7, 8,10, 12, 14}
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TABLE 3-continued
Rank index n for W,
3 identity matrix
4 identity matrix

The second embodiment of the present disclosure is
directed to the submode 2 of the feedback mode 1-1 in which
the first precoding matrix subsampling and the second pre-
coding matrix subsampling are performed. The subsampling
of'the first precoding matrix W, (n) may be performed accord-
ing to the first embodiment or in a way of uniform distribu-
tion, and the subsampling of the second precoding matrix
W,(m)is performed in a way of codebook subsampling based
on the polarization characteristic of the transmission antenna.

As described above, in the submode 2 of the feedback
mode 1-1, the wCQI and the first and second PMIs are trans-
mitted simultaneously. When RI=1, the wCQI and the first
and second PMIs are 4 bits, respectively, such thattotal 12 bits
are required. When RI>1, 3-bit spatial differential CQI is
added for two transmission blocks such that a total of 15 bits
are required. In order to solve the problem that the number of
bits for CQI and PMI transmission exceeds the information
amount of 11 bits allocated for CQI and PMI transmission on
PUCCH, it is necessary to apply the codebook subsampling
even for the feedback for the 4 Tx MIMO transmission.

In the second embodiment of the present disclosure, the
wCQI transmission uses 4 bits or 7 bits, where a total of 4 bits
are allocated for the first and second PMIs. Among them, 3
bits are allocated to the first PMI and 1 bit is allocated for the
index of W,(m). The codebook subsampling for W, (n) may
be performed according to any of embodiments 1-1 and 1-2
included in the first embodiment or in a way of being uni-
formly distributed.

In detail, the first W, (n) subsampling method of the second
embodiment is to perform the codebook subsampling by
selecting 3 consecutive indices n for the first precoding matri-
ces. Examples include ne, ne{8,9,10,11,12,13,14,15}, ne{4,
5,6,7,8,9,10,11}, and ne{12,1,3,14,15,0,1,2,3}.

The second W,(n) subsampling method of the second
embodiment is to select the index n such that the first precod-
ing matrix W,(n) has uniform distribution. It is possible to
generate a precoding matrix supportable in all directions uni-
formly by performing the subsampling of selecting the pre-
coding matrix having the index of ne{0,2,4,6,8,10,12,14} or
ne{1,3,5,7,9,11,13,15}. By performing the codebook sub-
sampling in this way, it is possible to generate the precoding
matrix in which the phase of the column vector is shifted at an
interval of

2n

52

rad, as n increases, and thus the column vectors are arranged
at a regular degree in the range from 0 to 360 degrees so as to
support uniformly in all directions.

The third W,(n) subsampling method of the second
embodiment is the codebook subsampling method performed
with the index of the first precoding matrix W,(n), i.e., ne{0,
2,4,6,9,11,13,15} or ne{1,3,5,7,8,10,12,14}. This method is
advantageous in that each column of W (n) has the direction
angle supportable, as n changes, and is wide as compared to
the method of selecting 8 consecutive indices n. The method
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of selecting 8 consecutive indices n supports 0 rad direction
for n=0 and

2n 2
32

rad for n=7. Whereas, the method of performing the codebook
subsampling with ne{0,2,4,6,9,11,13,15} supports 0 rad
direction for n=0 and

2n is
32

rad for n=15 so as to support a wider direction. In the case of
multiplying W,(m), it is advantageous that there is no recur-
ring column vector as compared to the method of selecting the
index n to have the uniform distribution as the second method.

The W,(m) subsampling method may be performed in
consideration of a phase shift of antenna polarization. At rank
1, the W,(m) subsampling is performed with a precoding
matrix represented by me{0,2} as shown in equation (9). At
rank 2, when equation (5) is used as the general formula for
generating W,(m), the second precoding matrix represented
by index me{0,1} is selected. When equation (6) is used as the
general formula for generating W ,(m), the second precoding
matrix represented by index me{4,5} is selected. When equa-
tions (5) and (6) are used as the general formula, the precod-
ing matrix is selected as equation (10).

As described above, W, which is multiplied by W, is made
up of two selection vectors capable of selecting one of the
columns of W, . That is, W, selects two of the column vectors
of W,. One of the two selected columns has a function of
shifting phase as much as 0, 90, 180, and 270 degrees. This
makes it possible for the UE to receive the signal by combin-
ing the channel effects occurring due to difference between
the polarization characteristic of the first and second antennas
and the polarization characteristic of the third and fourth
antennas in the 4 Tx antenna structure of the eNB. Among the
characteristic of W,, column selection, and polarization
phase shift, the main factor influencing the performance is the
polarization phase shift. Accordingly, in the second embodi-
ment of the present disclosure, the codebook subsampling of
W, is performed such that only the polarization phase shift is
reflected. In detail, since there is a polarization phase shift at
an interval of 90 degrees at rank 1, the subsampling is per-
formed to only 0 and 180 degrees to make it possible to be
indicated with 1 bit. At rank 2, it is structured to ensure
orthogonality between higher layer signals. Since the polar-
ization phase shift occurs only at O and 90 degrees and the
phase shift to 180 and 270 degrees is accomplished by chang-
ing columns of W,, there is no need to consider the phase of
wider degree. The final equation for W, subsampling is equa-
tion (9) at rank 1 and equation (10) at rank 2.

el b e
*NVT Loy [ VE ey |f 0TS

{ i Y } 1 }} (10)
W, e =

Y, -1 2 ]Yl —-ir2
(Y1, Y2) = (e1, e1)

Exemplifying with rank 1, the precoder of the double code-
book applied to 4 Tx MIMO transmission is generated by
W=W,- W,
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Here, applying the subsampling of W ,(n) with ne{1,2,3 4,
5,6,7} of embodiment 1-1 results in:

24

subsampling is applied so as to have a uniform distribution, it
is shown that the precoding matrices are generated uniformly
in all the directions.

Another embodiment of the codebook subsampling for
PUCCH 1-1 submode 2 of the second embodiment of the
present disclosure is directed to a method of allocating the
information amount of 2 bits indicating the precoding matrix
W, (n) and the information amount of 2 bits for indicating the
precoding matrix of W,(m). Although it is preferable for the

1 1 1 1 1 1 1 1
. . 2 2 2 2 2 .
50| | I | | 02| | /523 | | /52t | | /520 | | 526 | | o527
We or
1 [ 1 [ 1 [ 1 [ 1 [ 1| 1 [ 1
2 2 21 21 2 2 2 21
/20 /37! 72| | /33 et /323 Al /57
1 1 1 1 1 1 1 1
2 2 .27 2 2 2 2 2m
/50 et 522 53 et Pl Pl e’
-1 0 -1 0 -1 0 -1 0 -1 0 -1 0 -1 0 -1
. 2 2 2 2 2 2 2m
IO | | —efml | | et | | —efR2 | | —efRt | | -2 | | /320 | | —efR2T

Applying the subsampling of W, (n) with ne{0,2,4,6,9,11, 2

15} of embodiment 1-2 results in:

precoding matrix to support all the directions from O to 360
degree, it may not be possible to support all the directions due

1 1 1 1 1 1 1 1
.2 . 21 21 21 .21 2n 2
81370 ejﬁZ 81374 813726 81379 813711 813713 813715
We » » » » , » » or
1 1 1 1 1 1 1 1
iy 2w 2w 2w .27 2m 2 2w
81370 ejﬁZ 81374 813726 81379 813711 813713 813715
1 1 1 1 1 1 1 1
. 21 2 . 21 2 2n 2n
81370 81372 81374 81376 81379 813711 813713 813715
-1 | -1 [ -1 [ -1 | -1 [ -1 -1 -1
.2 21 .21 .2 21 .21 .21 .21
_efm0 | | it | | —ef3t | | iRm0 | | —efR0 | | —ef 2 | | —ef52 | | el
Applying the subsampling of W, (n) with ne{0,2,4,6,8,10, to the restriction of the information amount capable of indi-
12,14} to have uniform distribution results in: cating the precoding matrix. In this embodiment, the infor-
1 1 1 1 1 1 1 1
.2 .2 21 21 2m .21 2 2
81370 ejﬁZ 81374 813726 81378 81—3—210 ej—ﬁlZ e;3—214
We » » » » , » » or
1 1 1 1 1 1 1 1
. .2 21 21 2m .21 2n 2
81370 ejﬁZ 81374 813726 81378 81—3—210 ej—ﬁlZ e;3—214
1 1 1 1 1 1 1 1
.2 21 2 .2 21 2 2n 2n
81370 81372 81374 81376 81378 813—210 ej—ﬁlZ ej3714
-1 7 -1 -1 -1 7 -1 -1 | -1 | -1
2m 2w 2 2m 2w iy iy iy
_81370 —81372 —81374 _g13’26 —81378 _813710 _g13’212 _g13’214

As shown in the result, the combination of subsamplings of 60

W,(n) and W, generates precoders at a narrow interval in
embodiment 1-1 but precoders at a wide interval in embodi-
ment 1-2. In a system having a relatively wide beam pattern,
the inter-precoder interval is relatively less important and thus
the precoders supporting the wide angle range as in embodi-
ment 1-2 is advantageous. In the example where the W, (n)

65

mation amount of 2 bits is allocated for indicating the pre-
coding matrices of W, (n) and W,(m), respectively, so as to
generate a total of 16 precoding matrices. By arranging the 16
precoding matrices at a regular interval in the range from 0 to
360 degree, it is possible to expect the optimal performance.
In order to accomplish this, it is performed to use W,(n) as a
unit of 4 indices as ne{0,4,8,12} and select two column vec-
tors having the phase difference of 180 degree as the index of
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W,(m) or perform a phase shift of 180 degrees through
antenna polarization. It is possible to perform the codebook
subsampling with me{0,2,8,10} at rank 1 and me{0,1,4,5}
with the selection of equation (5) and me{4,5,8,9} with the
selection of equation (6) at rank 2.

In addition to the above method, the codebook subsam-
pling can be performed in such a way of using the index
ne{1,5,9,13}, ne{2,6,10,14}, or ne{3,7,11,15} W (n) of
W, (n); the index me{1,3,9,11}, me{4,6,12,14}, or me{5,7,
13,15} of W,(m) at rank 1, and the index me{2,3,6,7} of the

-continued
1I[ry B 11[n Y 12
we T 2L
2y, =Y, [ 20jY —jY,

(Y1, Ya) € {(e1. e1), (e3, €3)} or (Y1, Y2) € (e, €2), (e4, 1)}

second precoder matrix at rank 2 when equation (5) is 10 . Since the transmlsmon/receptlon pel.‘fgrmanc.e 1S not sensi-
selected as the general formula, and the index me{6,7,10,11} tive to the precoding e}t ranks 3 and 4, it is possible to use the
of the second precoder matrix at rank 2 when equation (6) is legacy codebook having 16 precoders.
selecte(i.as the lglenere(lil f?gmula.Thls method canbe expressed Table 4 arranges the codebook subsampling method in
as equations (11) and (12). s which W, and W, are indicated by 3 bits and 1 bit respec-
tively, and Table 5 arranges the codebook subsampling
{ 1] Y 1 Y (1 method in which W, and W, are indicated by 2 bits respec-
W, e —[ . },—[ i } and Y € {ey, e3) or .
V2 Lay | 2 | ety tively.
W, e {L[ . Y } L[ .Y. }} and ¥ € {e, e4) 2 Table 4 shows the codebook subsampling method (W,: 3
V2 Lje@y ' 2 L —jetdY bits, W: 1 bit) in PDCCH mode 1-1 submode 2 according to
the second embodiment.
TABLE 4
Total
W, W, Total
number Number number
Rank Indexn of bits Index m of bits of bits
1 First method: 3 {0, 2} 1 4
{0,1,2,3,4,5,6,7} or
{8,9,10,11,12, 13, 14, 15}
Second method::
{0,2,4,6,8,10,12,14} or
{1,3,5,7,9,11,13,15}
Third method::
{0,2,4,6,9,11,13,15} or
{1,3,5,7,8,10,12, 14}
2 First method: 3 Applying 1 4
{0,1,2,3,4,5,6,7} or equation
{8,9,10,11,12, 13, 14, 15} ), {0,1}
Second method:: Applying
{0,2,4,6,8,10, 12,14} or equation
{1,3,5,7,9,11, 13,15} (6),{4,5}
Third method::
{0,2,4,6,9,11,13,15} or
{1,3,5,7,8,10,12, 14}
3 Unitary matrix 0 Use legacy 4 4
codebook
4 Unitary matrix 0 Use legacy 4 4
codebook

Table 5 shows the codebook subsampling in PUCCH mode

1-1 submode 2 according to the second embodiment.

TABLE 5
Total
W, W, Total
Number Number number
Rank Index n of bits Index m of bits  ofbits
1 {0,4,8,12},{1,5,9,13}, 2 {0, 2,8,10},{1,3,9,11}, 2 4
{2, 6,10, 14},0r {3,7, 11, 15} {4,6,12,14},0r {5,7, 13, 15}
2 {0,4,8,12},{1,5,9,13}, 2 Applying equation (5): 2 4
{2, 6,10, 14},0r {3,7, 11, 15} {0,1,4,5}or{2,3,6,7}
Applying equation (6):
{4,5,8,9}or {6,7,10,11}
3 Unitary matrix 0 Use legacy codebook 4 4
4 Unitary matrix 0 Use legacy codebook 4 4
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The third embodiment of the present disclosure is directed
to the feedback mode 2-1. In the feedback mode 2-1 as
described above, wCQI, second PMI, and L indicating the
sub-band position preferred by the UE are transmitted
together.

At RI=1, the sum of 4 bits for wCQ], 4 bits for PMI, and 2
bits for L is less than 11 bits at RI=1 and thus there is no
problem in feedback transmission but, at R[>1, 3 extra bits of
the spatial differential CQI are added to the 4 bits of CQI and
thus the total number of bits to be transmitted becomes 13
bits. Since the total number of bits to be transmitted is greater
than the 11 bits of the information amount allocated for CQI
and PMI transmission on PUCCH, in order to solve this
problem there is a need of performing codebook subsampling
for the second PMI to allocate 2 bits.

At rank 2, the codebook subsampling is performed in such
a way of generating precoders all available in the double
codebook and searching for the precoding matrix combina-
tion without recurring precoder among them. For example,
the codebook subsampling method considered with the
double codebook W=W,-W, generated using equation (5)
includes 4 subsampling schemes (No. 1, 2, 3, and 4) that can
be performed only with column selection without phase shift
of antenna polarization and 9 subsampling schemes (No. 5, 6,
7,8,9,10, 11, 12, and 13) that can be considered in consid-
eration of the phase shift of the antenna polarization and
column selection in W,(m).

10

15
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(No. 0, 1, 2, 3). In order to facilitate implementation, the
codebook subsampling may be performed with the scheme of
equation (14) (No. 2) which is similar to the conventional
technology.

Y, (15)

_Y2

Yy
i

|

and (¥, Y2) € (e, e1), (e2, €3), (e1, e4), (€2, €)}

1
%m=ﬂ

Although equation (5) is used as W, in the above embodi-
ment, itis also possible to perform the codebook subsampling
in the same way using equation (6) with the application of
another type of distance other than Chordal distance and
Fubini-Study distance.

Since the codebook of W,(m) is indicated with 2-b infor-
mation amount in PUCCH mode 2-1, the index m of sub-
sampled W,(m) has a distance from 0 to 3. The precoding
matrix of W,(m) generated as the value of in changes is
expressed as equation (16).

TABLE 6
Minimun
Minimun Fubini-
Chordal Study
No. Column Selection vector Phase shift distance distance
1 (Y, Y5) €{(er,e1), (61, &), (1, €4), (&2, €4)} _ Y, Y. 0.707 0.785
BT E[Yl -Y: }
2 (Y1, Y2) E{ler,e1), (e1, &), (&1, €a), (€2, €4)} W 1 [ Y Y, } 0.707 0.785
2=3 . .
213y, -iY,
3 (Y1, Y2) E{ler,e1), (62, €3), (o1, €4), (€2, €4)} W 11Y:r Yz 0.707 0.785
BT E[Yl -Y: }
4 (Y1,Y,) € {(e), e)), (e2, €3), (e, €4), (€, €4)} W 1 [ YI Y2 } 0.707 0.785
T -ivs
5 (Y, Y2) E{ler,en), (er, )} 1Y, Y2 1Y Y- 0.000 0.000
6 (Y1, Y5) E{(er, e1); (e2, €3)} Weersly vl I3l iy 0.000 0.000
7 (Y, Y5) € i(ela ey), (e, 54& ! 2 I 12 0.000 0.000
8 (Y, Y,) E{(er,e), (e ¢4) 0.000 0.000
9 (Y, Y2) E{(er, &), (e, €4)} 0.707 0.723
10 (Y, Y5) € {(e}, &), (62, €4)} 0.707 0.723
11 (Y, Y5) €{(e2, €3), (61, €4)} 0.707 0.723
12 (Y, Y5) € {(e2s €3), (€2, €4)} 0.707 0.723
13 (Y, Y2) €{(e1, ea), (&2, €4)} 0.707 0.723
In order to search for the best subsampling codebook
among the 13 cases, the present embodiment selects the sub- 33 LY Y 16)
sampling scheme securing the largest minimum distance W,(0) = 5[ } where (Y1, Y2) = (e1, e1)
using the Chordal distance and Fubini-Study distance as no-h
shown in equations (13) and (14). Ly
wa(l) = 5[ b } where (Y1, ¥2) = (2, e3)
N -n
60
1 (13)
deroraat(As B) = —IIA-A" - B-BY| 1I[Yy 1
ol NG F Wa)= 5|,y | where (0, V2 = (erse)
drs(A, B) = arccos|det(A” - B)| (14) iy
W,(3)= = hy Y, Y2) =
65 2(3) 2[Y1 —Yz}w ere (Y, Y2) = (e, e4)

On the basis of the above description, it is possible to
perform the codebook subsampling with the four schemes
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The fourth embodiment of the present disclosure is
directed to the feedback mode 2-1, too.

In the feedback mode 2-1 as described above, wCQI, sec-
ond PMI, and L indicating the sub-band position preferred by
the UE are transmitted together.

At RI=1, the sum of 4 bits for wCQ], 4 bits for PMI, and 2
bits for L is less than 11 bits at RI=1 and thus there is no
problem in feedback transmission, but at RI>1, 3 extra bits of
the spatial differential CQI are added to the 4 bits of CQI and
thus the total number of bits to be transmitted becomes 13
bits. Since the total number of bits to be transmitted is greater
than the 11 bits of the information amount allocated for CQI
and PMI transmission on PUCCH, in order to solve this
problem, there is a need of performing codebook subsam-

30

The W,(m) subsampling in PUCCH mode 2-1 according to
the fourth embodiment can be arranged as shown in table 7. At
rank 1, since the sum of 4 bits for sCQI, 4 bits for PMI, and 2
bits for L is not greater than 11 bits, the indices of the case
without application of codebook subsampling are arranged.
In the case of RI>1, the codebook sampling is applied such
that the indices for equations (16) and (17) are arranged for
the respective cases where W,(m) have the forms of equations
(5) or (6). At ranks 3 and 4, the last four indices of the legacy
codebook (table 1) which have been designed so as to be
advantageous for the cross polarization linear antenna array
are arranged. Table 8 shows the subsampling (W ,: 2 bits) in
PUCCH mode 2-1 according to the fourth embodiment.

pling for the second PMI to allocate 2 bits. 15 TABLE 8

The present embodiment proposes a method of selecting
the second PMI such that the precoder generated at rank 2 Rank index m for Wy
does not appear repeatedly. Table 6 arranges the values of n, | 015
(n+8), (n+16), and (n+24) included in the multiplier of natural 5 Appling equation (5):
logarithm e at each column of X,, of equation (1) in associa- 20 {0,1,4,5}0r {2,3,6,7}
tion with the index n of W, (n).

TABLE 7

n 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
n (first column) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
n+8(secondcolumn) 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
n+16 (thirdcolumn) 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
n+24 (fourth column) 24 25 26 27 28 29 30 31 0 1 2 3 4 5 6 7

Comparing the elements of the columns indicated by index
n and the elements of the columns indicated by index n+8 of
W, (n) in table 7, the elements change positions while main-
taining their values. For example, the elements of the column
for n=0 are enumerated in the order of 0, 8, 16, and 24 while
the elements of the column for n=8 are enumerated in the
order of 8, 16, 24, and 0. That is, the recursive precoding
matrices are generated. In order to prevent recursive precod-
ing matrices from appearing in Table 7, it can be considered
for the subsampled W,(m) to select the first or third column or
to select the second or fourth column. In the case of perform-
ing the codebook subsampling of W,(m) of 2 bits, the first
method assigns one bit to indicate the phase shift and the other
bit to indicate selection of the first or third column of W, (n) as
equation (17).

el 21

(Y1, Y2) € ller. e1), (e3, €3)}

N
n -n

o on
Y —jh

an

o

The second method assigns one bit to indicate the phase
shift and the other bit to indicate selection of the second or
fourth column of W, (n).
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In the case of performing the subsampling as above, it is
possible to generate the precoding matrices corresponding to
all the cases of 0 to 31 in Table 6 without duplication and in
consideration of the phase shift of the antenna polarization by
combining W, (n) and W,(m).
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TABLE 8-continued

Rank index m for W,
Applying equation (6):
{4,5,8,9} or {6,7,10, 11}
3 Legacy codebook 12,13, 14, 15
4 Legacy codebook 12,13, 14, 15

FIG. 7 is a flowchart illustrating the operation procedure of
the eNB in the channel state information feedback method
according to an embodiment of the present disclosure. The
eNB checks whether the UE supports the double codebook
for 4 Tx MIMO transmission at operation 710. If there is no
response or if the UE does not support the double codebook,
the eNB uses the legacy codebook. If the UE supports the
double codebook, the eNB notifies the UE of the use of the
double codebook and the PUCCH feedback type for periodic
channel state information report through higher layer signal-
ing at operation 720. For this purpose, a double book use
indicator and a feedback type indicator may be used. After-
ward, the eNB may receive periodic CSI report generated
according to the configuration transmitted to the UE. The
eNE performs precoding based on the double codebook and
the received CSI report at operation 730 and transmits the
precoded signal to the UE at operation 740.

FIG. 8 is a flowchart illustrating the operation procedure of
the UE in the channel state information feedback method
according to an embodiment of the present disclosure. The
UE receives a higher layer signal transmitted by the eNB at
operation 810 so as to check the double codebook for use in 4
Tx MIMO transmission of the eNB and PUCCH feedback. If
no higher layer signal is received or if it is notified from the
eNB that the legacy codebook is to be used, the UE uses the
legacy 4 Tx MIMO codebook. If it is notified from the eNB
that the dual codebook (double codebook) for 4 Tx MIMO
transmission, the terminal performs PDSCH decoding using
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the double codebook at operation 820. The UE generates
channel state information fit for the PUCCH feedback type
indicated by the received configuration and performs code-
book subsampling to report channel state periodically at
operation 830.

FIG. 9 is a block diagram illustrating a configuration of the
eNB for 4 Tx MIMO transmission according to an embodi-
ment of the present disclosure. In FIG. 9, the eNB receives
periodic and/or aperiodic channel state information, PUSCH,
and information it has requested from the UE by means of the
receiver 910. The controller 920 determines PUCCH feed-
back type and whether to perform double codebook-based
precoding based on the information received by the receiver
910. The CSI-RS signal generator 930 generates CSI-RS for
the UE to measure the channel state. The multiplexer/pre-
coder 950 performs precoding on PDSCH among the signals
input by other signal generator 940 using the double code-
book, multiplexes the PDSCH and reference signal input by
the CSI-RS signal generator, and sends the multiplexed signal
to the transmitter 960.

The individual components of the eNB may perform the
operation necessary for at least one of the embodiments
described above. Particularly, the controller 920 controls the
respective components to perform the operations necessary
for at least one of the embodiments described above. The
transmitter 960 and the receiver 910 may be referred to as a
communication unit integrally. The communication unit may
transmit/receive signals necessary for at least one of the
embodiments described above.

FIG. 10 is a block diagram illustrating a configuration of
the UE supporting double codebook-based feedback for 4 Tx
MIMO downlink transmission according to an embodiment
of the present disclosure. The controller 1070 controls such
that the radio signal received from the eNB is input to the
demultiplexer 1040. The demultiplexer 1040 demultiplexes
the received signal into CSI-RS, control signal, and other
signals. The CSI-RS is input to the CSI-RS receiver 1030, the
channel state information generator 1020 generates channel
state information to be transmitted to the eNB based on the
CSI-RS, and the channel state information transmitter trans-
mits the channel state information to the eNB. The control
signal receiver 1050 checks the information on whether the
double codebook is used and PUCCH feedback type and
transfers this information to the controller 1070. The control-
ler 1070 retrieves the W, and W, codebook indices based on
the information received from the control signal receiver
1050 to perform decoding and provides the channel state
information generator 1020 with the information related to
the channel state feedback to perform codebook subsampling
suitable for the feedback mode.

The individual components of the UE may perform the
operations necessary for at least one of the embodiments
described above. Particularly, the controller 1070 may control
the respective components to perform the operations neces-
sary for at least one of the embodiments described above. The
components of transmitting and receiving signals to and from
the UE may be referred to as a communication unit integrally.
The communication unit may transmit/receive signals neces-
sary for at least one of the embodiments described above.

It will be understood that each block of the flowchart illus-
trations and/or block diagrams, and combinations of blocks in
the flowchart illustrations and/or block diagrams, can be
implemented by computer program instructions. These com-
puter program instructions may be provided to a processor of
a general purpose computer, special purpose computer, or
other programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
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processor of the computer or other programmable data pro-
cessing apparatus, create means for implementing the func-
tions/acts specified in the flowchart and/or block diagram
block or blocks. These computer program instructions may
also be stored in a computer-readable memory that can direct
acomputer or other programmable data processing apparatus
to function in a particular manner, such that the instructions
stored in the computer-readable memory produce an article of
manufacture including instruction means which implement
the function/act specified in the flowchart and/or block dia-
gram block or blocks. The computer program instructions
may also be loaded onto a computer or other programmable
data processing apparatus to cause a series of operational
steps to be performed on the computer or other programmable
apparatus to produce a computer implemented process such
that the instructions which execute on the computer or other
programmable apparatus provide steps for implementing the
functions/acts specified in the flowchart and/or block diagram
block or blocks.

Furthermore, the respective block diagrams may illustrate
parts of modules, segments or codes including one or more
executable instructions for performing specific logic
function(s). Moreover, it should be noted that the functions of
the blocks may be performed in a different order in several
modifications. For example, two successive blocks may be
performed substantially at the same time, or may be per-
formed in reverse order according to their functions.

The term “module” according to the embodiments of the
disclosure, means, but is not limited to, a software or hard-
ware component, such as a Field Programmable Gate Array
(FPGA) or Application Specific Integrated Circuit (ASIC),
which performs certain tasks. A module may advantageously
be configured to reside on the addressable storage medium
and configured to be executed on one or more processors.
Thus, a module may include, by way of example, compo-
nents, such as software components, object-oriented software
components, class components and task components, pro-
cesses, functions, attributes, procedures, subroutines, seg-
ments of program code, drivers, firmware, microcode, cir-
cuitry, data, databases, data structures, tables, arrays, and
variables. The functionality provided for in the components
and modules may be combined into fewer components and
modules or further separated into additional components and
modules. In addition, the components and modules may be
implemented such that they execute one or more CPUs in a
device or a secure multimedia card.

As described above, the CSI transmission/reception
method of the present disclosure is advantageous in transmit-
ting CSI report efficiently.

The foregoing disclosure has been set forth merely to illus-
trate the disclosure and is not intended to be limiting. Since
modifications of the disclosed embodiments incorporating
the spirit and substance of the disclosure may occurto persons
skilled in the art, the disclosure should be construed to include
everything within the scope of the appended claims and
equivalents thereof.

Although the present disclosure has been described with an
exemplary embodiment, various changes and modifications
may be suggested to one skilled in the art. It is intended that
the present disclosure encompass such changes and modifi-
cations as fall within the scope of the appended claims.

What is claimed is:

1. A communication method of a terminal in a mobile
communication system, comprising:

receiving a control signal from a base station, the control

signal including a first information element indicating
whether at least one predetermined codebook is being



US 9,419,765 B2

33

used for deriving channel state information (CSI) feed-
back and a second information element;

determining, if a field of the first information element is set
to a predetermined value and a CSI reporting mode
identified based on the second information element is a
predetermined mode, a codebook corresponding to the
CSI reporting mode among the at least one predeter-
mined codebook;

generating a CSI based on the identified codebook, the CSI

including at least one of information related to a rank 10

indicator (RI), information related to a first precoding
matrix indicator (PMI), and information related to a
second PMI; and
transmitting the generated CSI to the base station.
2. The method of claim 1, wherein the predetermined mode
is mode 1-1 submode 2, and
wherein generating a CSI comprises generating the infor-
mation related to the first PMI based on a first codebook
index and the information related to the second PMI
based on a second codebook index.
3. The method of claim 2, wherein the information related
to the first PMI and the information related to the second PMI
are identified based on values shown in the following table:

Relationship between
the first PMI value
and codebook index i,

Relationship between
the second PMI value
and codebook index i,

Value of the Value of the
first PMI  Codebook second PMI Codebook
RI Ipaen index i; Ipam index i,
1 0-3 A ppat 0-3 2Dppir + 4 Lpan/2]
2 0-3 A ppat 0-3 Tpae + 2 Ipasn/2]
3 0 0 0-15 Ipa
4 0 0 0-15 Ippir

where 1,,,,, represents a value of the first PMI, 1, rep-
resents a value of the second PM], i, represents a value of
the first codebook index, and i, represents a value of the
second codebook index.

4. The method of claim 1, wherein the predetermined mode
is mode 1-1 submode 1, and

wherein generating a CSI comprises generating informa-

tion related to a joint encoding of the RI and the first PMI
based on the identified codebook.

5. The method of claim 4, wherein if the RI is 1 or 2, a
codebook index of the joint encoding of the RI and the first
PMI is one of a predetermined index set, the predetermined
index set is {0,1,2,3,4,5,6,7}.

6. A communication method of a base station in a mobile
communication system, comprising:

transmitting a control signal to a terminal, the control sig-

nal including a first information element indicating
whether at least one predetermined codebook is being
used for deriving channel state information (CSI) feed-
back and a second information element; and

receiving a report for channel state information (CSI) from

the terminal,

wherein if a field of the first information element is set to a

predetermined value and a CSI reporting mode identi-
fied based on the second information element is a pre-
determined mode, a codebook corresponding to the CSI
reporting mode is identified among the at least one pre-
determined codebook,

wherein the report for CSI is generated based on the iden-

tified codebook, the CSI including at least one of infor-
mation related to a rank indicator (RI), information
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related to a first precoding matrix indicator (PMI), and
information related to a second PMI.
7. The method of claim 6, wherein the predetermined mode
is mode 1-1 submode 2, and
wherein the information related to the first PMI is gener-
ated based on a first codebook index and the information
related to the second PMI is generated based on a second
codebook index.
8. The method of claim 7, wherein the information related
to the first PMI and the information related to the second PMI
are determined based on values shown in the following table:

Relationship between
the first PMI value
and codebook index i,

Relationship between
the second PMI value
and codebook index i,

Value of the Value of the
first PMI  Codebook second PMI Codebook
RI Ipaa index i, Ipam index i,
1 0-3 M ppat 0-3 2Dppo + 4 Lpan/2]
2 0-3 s 0-3 Ipas + 2 Ipas/2)
3 0 0 0-15 Ippr
4 0 0 0-15 Ippr

where 1, represents a value of the first PMI, 1, ,,, rep-
resents a value of the second PMI, i, represents a value of
the first codebook index, and i, represents a value of the
second codebook index.

9. The method of claim 6, wherein the predetermined mode
is mode 1-1 submode 1, and

wherein receiving a report for CSI comprises receiving

information related to a joint encoding of the RI and the
first PMI.

10. The method of claim 9, wherein if the Rl is 1 or 2, a
codebook index of the joint encoding of the RI and the first
PMI is one of a predetermined index set, the predetermined
index set is {0,1,2,3,4,5,6,7}.

11. A communication apparatus of a terminal, the appara-
tus comprising:

a transceiver for transmitting and receiving a signal; and

a controller to control:

receiving a control signal from a base station, the control
signal including a first information element indicating
whether at least one predetermined codebook is being
used for deriving channel state information (CSI)
feedback and a second information element;

identifying, if a field of the first information element is
set to a predetermined value and a CSI reporting mode
identified based on the second information element is
a predetermined mode, a codebook corresponding to
the CSI reporting mode among the at least one prede-
termined codebook;

generating a CSI based on the identified codebook, the
CSI including at least one of information related to a
rank indicator (RI), information related to a first pre-
coding matrix indicator (PMI), and information
related to a second PMI; and

transmitting the generated CSI to the base station.

12. The apparatus of claim 11, wherein the predetermined
mode is mode 1-1 submode 2, and

wherein generating a CSI comprises generating the first

PMI based on the information related to a first codebook
index and the information related to the second PMI
based on a second codebook index.

13. The apparatus of claim 12, wherein the information
related to the first PMI and the information related to the
second PMI are identified based on values shown in the fol-
lowing table:
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Relationship between Relationship between
the first PMI value the second PMI value
and codebook index i, and codebook index i,
Value of the Value of the
first PMI  Codebook second PMI Codebook

RI Ipaen index i; Ipam index i,
1 0-3 Aparsn 0-3 Lo + 4 | Ipam/2]
2 0-3 A ppat 0-3 Tpae + 2 Ipasn/2]
3 0 0 0-15 Ippir
4 0 0 0-15 Ippir

where IPMI1 represents a value of the first PMI, IPMI2
represents a value of the second PM], il represents a
value of the first codebook index, and i2 represents a
value of the second codebook index.

14. The apparatus of claim 11, wherein the predetermined
mode is mode 1-1 submode 1, and

wherein generating a CSI comprises generating informa-

tion related to a joint encoding of the RI and the first PMI
based on the identified codebook.

15. The apparatus of claim 14, wherein ifthe RIis 1 or 2, a
codebook index of the joint encoding of the RI and the first
PMI is one of a predetermined index set, the predetermined
index set is {0,1,2,3,4,5,6,7}.

16. A communication apparatus of a base station, the appa-
ratus comprising:

a transceiver for transmitting and receiving a signal; and

a controller to control:

transmitting a control signal to a terminal, the control
signal including a first information element indicating
whether at least one predetermined codebook is being
used for deriving channel state information (CSI)
feedback and a second information element; and
receiving a report for channel state information (CSI) from
the terminal,

wherein if a field of the first information element is set to a

predetermined value and a CSI reporting mode identi-
fied based on the second information element is a pre-
determined mode, a codebook corresponding to the CSI
reporting mode is identified among the at least one pre-
determined codebook,
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wherein the report for CSI is generated based on the iden-
tified codebook, the CSI including at least one of infor-
mation related to a rank indicator (RI), information
related to a first precoding matrix indicator (PMI) and
information related to a second PMI.

17. The apparatus of claim 16, wherein the predetermined
mode is mode 1-1 submode 2, and

wherein the information related to the first PMI is gener-

ated based on a first codebook index and the information
related to the second PMI is generated based on a second
codebook index.

18. The apparatus of claim 17, wherein the information
related to the first PMI and the information related to the
second PMI are identified based on values shown in the fol-
lowing table:

Relationship between
the first PMI value
and codebook index i,

Relationship between
the second PMI value
and codebook index i,

Value of the Value of the
first PMI  Codebook second PMI Codebook
RI Ipaa index i, Ipam index i,
1 0-3 s 0-3 Lo + 4 | Ipam/2]
2 0-3 M ppat 0-3 Tpaep + 2 Ipas/2]
3 0 0 0-15 Ippr
4 0 0 0-15 Ippr

where 1, represents a value of the first PMI, 1, ,,, rep-
resents a value of the second PM], i, represents a value of
the first codebook index, and i, represents a value of the
second codebook index.

19. The apparatus of claim 16, wherein the predetermined
mode is mode 1-1 submode 1, and

wherein receiving a report for CSI comprises receiving

information related to a joint encoding of the RI and the
first PMI.

20. The apparatus of claim 19, wherein if the Rl is 1 or 2, a
codebook index of the joint encoding of the RI and the first
PMI is one of a predetermined index set, the predetermined
index set is {0,1,2,3,4,5,6,7}.
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